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[57) ABSTRACT

A bidimensional imaging system by echoes including a
transmitting array and a receiving array. The transmit-
ting array includes a row of transmitters (Ei, Es, .. ., E;,
En) parallel to a direction Oz and the receiving array
includes a row of receivers in a direction Ox. All the
transmitters simultaneously transmit signals with differ-
ent codes. The signals received are demodulated and
the real and imaginary components of these signals are
applied to two multiplexing circuits (61.1, 61.2). After
modulation the multiplexed signals are applied to a
Fourier transformation circuit (63), which sequentially
supplies reception channels Vi(6r) for the direction
referenced by angle 0, and which are stored in memo-
ries (66.1, 66.2). Other memories (70.1, 70.2) contain
signals S{¢;) transmitted in an angular direction refer-
enced by ¢;. The two pairs of memories (66.1, 66.2 and
70.1, 70.2) are connected and the signals are applied
after modulation to a convolver (61), which supplies
signals of the bidimensional image. The imaging system
has application to ultrasonic submarine cameras, subma-

rine target classifiers, medical acoustic imaging and
non-destructive tests.

23 Claims, 13 Drawing Figures
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IMAGING SYSTEM WITH MULTIPLE, -
'SIMULTANEOUS TRANSMISSIONS

BACKGROUND OF THE INVENTION

The present invention relates to improvements to
radar or sonar echo detection systems making it possible
to provide an image of the surrounding space in real
time. The appratus according to the invention is more
particularly applicable to high definition sonar equip-
ment by the formation of channels, such as acoustic
cameras and target classification systems in submarine
technology, imaging taking place in frontal vision. The
invention also applies to medical acoustic imaging and
to non-destructive tests.

Radar or sonar systems are generally constituted by
at least one transmitter, whose transmitted signals “illu-
minate” the angular field to be observed and a receiving
transducer array, whose signals received are used for
forming a system of angular channels covering this
field. To each channel formed corresponds a distribu-
tion of the energy received in the space, whose angular
width of the major lobe at the half power defines the
angular resolution.

It is known to bring about imaging by means of trans-
- mitting and receiving arrays formed by lines of trans-
ducers in orthogonal directions. The signals received
about a frequency f by the transducers of the receiving
array are delayed or phase-displaced relative to one
another to form channels in directions forming a con-
stant angle with the direction of said recetving array.

The signals transmitted about frequency f by the
transducers of the transmitting array are delayed or
phase-displaced relative to one another to form chan-
nels in directions forming a constant angle with the
direction of the transmitting transducers. The formation
of the transmission channels takes place sequentially in
time. | |

Thus, fine transmission and reception channels are
successively obtained with angular widths of the 3 dB
attenuation diagrams=A/L, in which A i1s the wave-
length corresponding to the frequency f in the propaga-
tion medium and L the length, which 1s assumed to be
equal, of the transmitting and receiving arrays.

This prior art apparatus for forming fine angular
channels has the disadvantage of a low information rate,
because transmission must take place on all the transmit-
ters the same number of times that there are transmis-
sion channels.

It is also known to carry out acoustic imaging with a
single transmitter which gives the desired angular field.
The receiving array in this arrangement i1s formed by
several lines of transducers. Processing of all the signals
received by the transducer makes it possible to form
fine angular channels in two directions. If a large num-
ber of channels is to be formed, which is generally the
case when it is desired to obtain a fine angular resolu-
tion, there is a large number of receivers and the volume
of the electric circuits is also considerable.

It is known to form channels by using acoustic lenses.
However with this process the angular field remains
limited to a few degrees and requires a “retina” in the
focusing plane.

BRIEF SUMMARY OF THE INVENTION

The apparatus according to the invention obviates
these disadvantages by fransmissions at codes differing
from the transmitters forming the transmitting array.
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This procedure makes it possible to form transmission
channels with reduced means. In addition, imaging is
obtained in real time.

More specifically the present invention relates to an
imaging system making 1t possible to obtain P X Q reso-
lution points along coordinates of parameters @ and ¢
comprising a transmitting array constituted by M trans-
mitters, (Eq, Ea, . . ., E;, . . . Ey) simultaneously trans-
mitting coded signals (Cy, Cp, ..., C;. .. Cpy), the codes

- all being different and separable, a receiving array con-

stituted by N receivers, (Hy, Hy, . . . H;. .. Hn) recetv-

1ng the signals diffused by the targets, means for pro-

cessing the signals received and means for exploiting
the processed signals, wherein the processing means
comprise in combination means for forming P angular
channels called “reception channels” along the coordi-
nate 60 and means for forming Q anguiar channels called
“transmission channels on reception” along coordinate

¢.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention 1s described in greater detail hereinaf-
ter relative to non-limitative embodiments and with
reference to the attached drawings, wherein show:

FIG. 1—a diagrammatic representation of the forma-
tion of transmission and reception channels.

FIG. 2—a general diagram of the circuits for process-
ing the reception signals according to the invention.

FIG. 3—a diagram of these processing circuits in an
embodiment according to the invention.

FIGS. 4 and 5—timing signals obtained by processing
the reception signals.

FIG. 6—the demodulation diagram of the signals
received. |

FIG. 7—the diagram of bringing the processed sig-
nals on the carrier frequency.

FIGS. 8 and 9—two diagrams relating to the Fourier
transformation by elastic wave dispersive filters.

- FIG. 10—the circuit diagram of a convolution device
with a non-linear effect by surface waves. |

FIG. 11—a diagram relating to the formation of the
transmission channels.

FIG. 12—an embodiment of a transmitting-receiving
antenna with transducers in a ring arrangement.

FIG. 13-—an apparatus according to the invention
with a receiving array in ring form and a transmitting
array in linear form.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The apparatus according to the invention comprises a
transmitting array constituted by M transmission trans-
ducers E1, E>. .. E; . .. Ex and a receiving array
comprising N reception transducers Hj, H, ..., Hj, ..
. Hy (FIG. 1). On this figure is shown a linear transmit-
ting array in accordance with a direction Oy and a
linear receiving transducer array in accordance with
the perpendicular direction Ox.

According to the invention the transmitting-receiv-
ing array can be constituted by a system of transducers,
whereof a certain number can have transmission func-
tions, whereas others can have reception functions. It 1s
possible to have transducers having both transmission
and reception functions. These transducers appropri-
ately sample the space in such a way that channels can
be formed both on transmission and on reception.
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The distribution of the transducers can be of a ran-
dom nature, provided that their coordinates are known.
However, the most frequently used arrangements are
trirectangular, spherical, cylindrical, circular, or planar.

The transmission-reception apparatus of FIG. 1 5
makes it possible to form reception channels in direction
A1 and transmission channels in a mean direction As.
With directions Ox and Oz straight lines A and Aj

respectively form angles 68 and ¢. It is possible to see
~ lines Dy and D> of the limit curves of the 3 dB attenua-
tion diagrams of the reception channels. In the same
way D3 and Dy are the lines of the limit curves of the
transmission channels for the 3 dB attenuation dia-
grams. If L is the length of two arrays, the widths of
these channels are equal to A/L.

According to the invention transmission is such that
transducers Eq, Ep, . . ., E;i. .., Ear of known spatial

10

15

Ci,Cy...,Ch ..., Cyyrwhich are separable and of the
same band b and same duration T. The total band occu- 20
pied by all the transmission is equal to B. The main
possible transmission types are, for example:

1. M signals at pure frequencies f1, ..., fj .
duration T frequency-separated by b==(1/T).

2. M signals of the same centre frequency f, coded in 25
the same band b in accordance with M orthogonal
codes of duration T with bT > M.

3. M signals coded in the same band b in accordance
with the same code of duration T with bT>1 and of
different centre frequencies frequency-separated by the 30
value b.

4. M signals coded in the same band b in accordance
with Q orthogonal codes of duration T with bT >Q and
P different centre frequencies such that PQ=M fre-
quency-separated by the value b.

Reception consists of receiving on the different re-
ceivers H; the echoes coming from the transmissions,
each receiver receiving during a recurrence all the ech-
oes from the waves transmitted by all the transmitters
E; to Ejy, the signals produced by these echoes being
processed in two stages:

1. Formation of reception channels Vi in several
directions of angles such that 8 =0;.

2. Formation of transmission channels on receiving
each signal of channel Vy in several directions defined
by angles such as ;.

The principle of forming transmission channels on
reception according to the invention in general terms
consists of using omnidirectional transmitters Ej to Eps
distributed in space in accordance with a particular 50
geometry and transmitting M separable signals. In each
direction determined by angles 8 and ¢ of the space is
propagated a signal S(@, ¢) formed by the sum in ampli-
tude and phase of the signals transmitted in this direc-
tion. This signal S(8, ¢) depends on the direction and
the geometrical position of the transmitters.

For each signal of reception channel V(6z) the for-
mation of a transmission channel of angle direction
¢ =; consists of correlating signal V(8x) by signals
Si, k(i Ok)-

The general synoptics of the system is shown in FIG.
2, System 1 receiving N signals from N receivers of the
array forms P reception channels of angle directions
0=01,0,,...,04...,0,supplying signals of channels
Vi{0r). 65

Each signal of a channel such as V(0) is transmitted
into a processing system 2, which performs the filtering
matched to Q signals S; «(di, 8x) forming Q channels. In
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the drawing this operation is symbolized by @ . At the
output of the P systems 2 PXQ signals of channels
Wi (b, 8x) are obtained and are then exploited in the
treatment unity 3.

The processing system 1 forming the reception chan-

nels Vi can be obtained by two known methods related
to the type of receiving array and the frequency band of

the signals H; received.

The first method 1s applicable to all types of receiving
arrays. The processing means used on the signals re-
ceived by all the receivers are dependent on whether
the value of the depth of receiving transducer array p is
greater or smaller than C/B, in which C is the velocity
of the waves in the propagation medium, B being the
band width of the transmitted signals. The depth of the
receiving transducer array is defined by the maximum
path difference of the waves between two receivers:
~ (a) if p>C/B, devices compensating delays between
the signals from the receivers for the direction of the
preformed channel are used; |

(b) if p<C/B, phase-displacement devices are used
for compensating the phase displacements between the
signals from the receivers for the direction of the pre-
formed channel.

The second method is applicable when the receiving
array is formed by equidistant receivers and when the
antenna depth p is less than C/B. The processing means
used on the signals received by all the receivers involve
a multiplexing of the signals received in a small interval
of time compared with 1/B supplying a sequence of the
signals in series in time, followed by a digital or analog
device which effects the Fourier transform of this se-
quence. Such a channel formation device using a digital
method is described in an article by J. R. WILLIAMS
in “Journal of Acoustical Society of America”, vol. 44,
5, pp. 1454-1455, 1968.

The processing system 2 forming the transmission
channels by matched filtering can be realized either by
processing each signal of transmission channel V(0) 1n
parallel in Q filters matched to Q signals S;x(di, k), 1
varying between 1 and Q, or by processing each signal
of reception channel Vi(0r) sequentially by convolut-
ing it with Q time-reversed copies of signals S; x{(¢;, Ox).

The preferred embodiment of the invention involves
a transmitting array formed by a linear array of trans-
mitters and a receiving array formed by linear equidis-
tant receivers. The two arrays are positioned orthogo-
nally to one another, as indicated in FIG. 1. The trans-
mission band B and the antenna depth p are chosen so as
to be able to form reception channels Vi(6r) by the
method using a Fourier transform. According to the
preferred embodiment of the invention this Fourier
transform is produced in analog manner by the use of
elastic wave dispersive filters. The transmission chan-
nels are formed by sequential correlation of reception
channel signals with signals S;x obtained by their con-
volution with time-reversed signals S; . According to
the preferred embodiment of the invention this convo-
lution is carried out in analog manner by the use of an
elastic wave convolvers. This has the advantage of
permitting high operating speeds and leading to re-
duced overall dimensions.

The preferred embodiment of the invention is shown
in FIG. 3 and FIGS. 4 and 5 show the main timing
signals relating thereto.

The not shown transmitting array comprises a linear
array of M transmitters receiving the coded signals C;
to Cps from the generator. The M transmissions are
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produced simultaneously, their duration being T and
their band b. The possible transmission types are as
described hereinbefore. The centre frequency of these
transmissions is f, and the total band occupied is B.

The signals are received by a linear receiving array
formed of N equidistant receivers Hy to Hy, e.g. hydro-
phones in the case of a sonar. These signals are demodu-
lated by N circuits 60.1, 60.2, . . . 60.N shown in FIG. 6.
Each signal received by a receiver such as H;is multi-
plied in M; and M3 by two signals cos (27f,t) and sin
(27f,t) in phase quadrature, supplied by a local oscilla-
tor. In this ‘way signals H; and H;3 are obtained after
low pass filtering in 161 and 167 with a cut-off fre-
quency close to B/2, said two signals being called the
real component and the imaginary component. Two
synchronous multiplexers 61.1 and 61.2 multiplex the
real and imaginary components of the N demodulated
signals H;1 and H;;. These multiplexing circuits are
controlled by a timing signal H of period Tg, whose
value is chosen so that N signals by a receiver such as
H; are multiplexed in a time interval NTg, which is
small compared with 1/B. Furthermore the signal of
each hydrophone is sampled at frequency B and at the
output of each multiplexing circuit a signal 1s obtained
which is formed by groups of signals of duration NTy
separated by a time 1/B. These two signals 62.1 and 62.2
obtained at the output of the two multiplexers 61.1 and
61.2 are modulated in a circuit 62 shown in FIG. 7.
They are multiplied in multiplying circuits M4 and M3
by the two signals cos (27{;t) and sin (27{;t) supplied by
a local oscillator, then the two signals obtained are
added in an adding circuit 70.1 and the signal obtained
is filtered in a low pass filtering circuit 70.2 of width B;
and of centre frequency f7. Band B;is a function of the
multiplexing frequency of signals such as H;; and H;2
and the centre frequency f;is made approximately three
times the value of band B;.

The output signal 62.3 from modulator 62 is diagram-
matically shown in FIG. 4a. Over a time T 1t 1s formed
by K=BT groups of signals 40.1, 40.2, . . . 40.K. Each
group corresponds to the signals received by receivers
Hi, Hsy, . . . Hyin series with period Tg. These signals
have a band H;, a centre frequency fzand a duration T
equal to NTg, which is small compared with 1/B.

This output signal 62.3 from modulator 62 is transmit-
ted into an analog Fourier transformer 63 using elastic
wave dispersive filters and for which two embodiments
are possible. Fourier transformers by dispersive filters
are more particularly described in the article by C.
LARDAT in “Proceedings 1978 IEEE Ultrasonic
Symposium”, pp. 518-521, 1978.

The first embodiment shown in FIG. 8 is a so-called
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M-C-M arrangement (multiplication-convolution-multt- -

plication). In this arrangement the input signal 62.3 is
pre-multiplied in a multiplication circuit 82 by a signal
called a chirp, which is linearly modulated in frequency
and whose band is B, and whose duration 1s T;. This
signal is obtained by supplying a very short pulse to the
input of a dispersive filter 81. The signal at the output of
multiplier 82 is convoluted in a dispersive filter 83,
whose band is 2B,;and whose duration is 2T. The signal
obtained is then post-multiplied in a circuit 84 by a chirp
signal which is identical to the aforementioned signal
generated by dispersive filter 85. The Fourier transform

signal of the input signal 62.3 is obtained at output 64 of 65

multiplier 84.
The second embodiment shown in FIG. 9 1s a so
called C-M-C arrangement (convolution-multiplica-

55

60
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tion-convolution). In this arrangement the input signal
62.3 is firstly convoluted in a dispersive filter 91 of band
B; and duration T, then multiplied in 92 by a chirp
signal supplied by a dispersive filter 93 of band 2B; and
duration 27T,. The signal obtained at the output of multi-
plier 92 is then transmitted into a dispersive filter 93
identical to filter 1. The Fourier transform signal of
signal 62.3 is obtained at the output of dispersive filter
94 at 64.

The output signal 64 of a Fourier transform 63 is
diagrammatically shown in FIG. 4b. Like the input
signal it is formed over time T by K=BT groups of
signals 41.1, 41.2, . . ., 41.K. Each group consists of N
signals of channels Vi to Vyin series in time of period
Ty and period NTg. They are staggered by the time
taken for carrying out the Fourier transformation com-
pared with mput signals 62.3.

The Fourler transform signal 64 is then demodulated
in circuit 164 (FIG. 3) having an identical structure to
circuit 60 in which the phase quadrature signals are cos
(27rf;t) and sin (27f,t). The two components obtained
are converted into digital form by two converters 65.1
and 65.2 controlled by timing circuit H and stored sepa-
rately in digital memories 66.1 and 66.2, said memories
being for example of the RAM type. Each group of
channel signals such as 41.i is entered in the memory in
the form of a line. The memory is thus filled sequen-
tially line by line at rate 1/B and contains K=BT lines.
The signals stored in this way are sequentially read
colum by column at speed 1/B. The memory is, for
example, subdivided into two blocks which are used
alternately involving filling one block line by line and
simultaneously reading, as well as the other block col-
umn by column, followed by the switching of blocks.

The transmitting array is formed by a linear array of
transmitters, signals S;i(d;, 0r) defined hereinbefore
being dependent only on the directions defined by angle
&; with the transmitting antenna and can then be ex-
pressed according to S{d;).

The system comprises digital memories 70.1 and 70.2,
e.g. of the RAM type and which contain demodulated,
time-reversed copies of the Q signals S{¢;) in the form
of real and imaginary components. These Q signals are
stored for time T at frequency B and thus comprise K
samples.

Two signals Vi(@x) and S{¢i) are read in synchro-
nism respectively into memories 66.1, 66.2 and 70.1,
70.2 under the control of timing circuit H. Their dura-
tion is identical and equal to KTy. The same signal of
channel V(0r) is read Q times synchronously with the
Q signals S1 to Sp. FIGS. 52 and 5b respectively show
the signals of channels Vi and the signals S;as a function
of time. Each signal is composed of Q groups of KTy
signals in series in time. The reading speed 1/B of sig-
nals Vi or S; must therefore be equal to or greater than
QKTH.

The output signals 66.6, 66.7 and 70.6, 70.7 from
memories 66 and 70, as shown in FIGS. 5S¢ and 5b are
converted into analog form by converters 67.1, 67.2,
modulated by the two circuits 68.1, 68.2 and applied to
the two inputs of a convolver 69 using the propagation
of elastic waves.

These signals read into the memories are modulated
about the frequency f; and in band B, circuits 68.1 and
68.2 being identical to circuit 62 of FIG. 7. Convolver
69 operates around the centre frequency f; and around
band B being shown in FIG. 10.
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The known acoustic surface wave device 100 (FIG.

10) is provided with two electrodes 102 and 103 of

length L; The signals to be convoluted F(t)e/*’ and
G(t)e/*!, in which @ is the angular frequency of the
carrier are applied to interdigital transducers Ti, 1>

placed at the two ends of device 100. As a result of
non-linear effects between the two electrodes is col-

lected the convoluted signal R(t) such that

R()=Ce¥' [ (HG(2t—7)dT

in which C is a constant.

If v is the elastic wave velocity the interaction length
L;is equal to KTy Xv. The output signal of the con-
“volver is represented in FIG. Sc. It consists of channel
Vi of Q correlation signals separated by a time equal to
KTg and of centre frequency 2f; relating to channel
signals formed in accordance with Q directions ¢; for
direction 8 or Wyt to Wo . These signals leave the
convolver with a time displacement equal to the dura-
tion KTz of the input signals.

The output signal from the convolver is then demod-
ulated in circuit 71, identical to circuit 60 shown in FIG.
6 in which the frequency f, is replaced by the frequency
2f, supplied by a local oscillator. It 1s then converted
into digital form by converters 71.1 and 71.2 for storage
in a memory or for exploitation. These signals supply an
image in two dimensions 8, ¢ for a duration T.

If the transmitting array is of a random nature in this
case memories 70.1, 70.2 must store the copies of QXN
signals S; x(¢;, 0%) and their size is greater. Whenever a
signal of channel V(68x) is read in memories 66.1 and
66.2, Q corresponding signals S; x(d1, 6x) to Sp,x(00, Ok)
are read in memories 70.1 and 70.2.

An acoustic imaging system according to the inven-
tion with orthogonal linear arrays for transmission and
reception has the following characteristics:
number of transmitters M =250
number of receivers N=30
spacing between transmitters and receivers d=0.75 mm
mean frequency of transmissions f,=3 MHz
pulse time 7=10 ms _
total band B=5 kHz, 1.e. 1/B=200 us
angular field in 8 and in ¢ =20 degrees
depth of arrays in time=20 us
clock period TH=2350 ns
band B,=20 MHz
frequency f;=100 MHz.

For this embodiment the number of channels Q is
taken as equal to N. Moreover product BT is equal to Q
in such a2 way that N=M=0Q=BT=K. The condition
QBTTy< 1/B is satisfied. The duration of the signals at
the input and output of the Fourier transformer, as well
as at the convolutor input is equal to 2.5 us.

A constructional variant is shown in FIG. 11. It ap-
plies the parallel processing referred to hereinbefore.
The output signal for each channel such as V(0x) from
modulator 68.2 to 68.3 (FIG. 3) is simultaneously trans-
mitted to the input of Q filters 110.1k, 110.2k, . . . 110.Qk
matched to signals Six to Spk. These filters are, for
~ example, realized by using the propagation of the elastic
waves, the duration of the pulse response of each filter
corresponds to time T and each filter leads to a process-
ing equivalent to one convolution, whilst the output
signals from each matched filter have a maximum repre-
senting the signal from a direction ¢;, 0.

In the case where the transmitting array is formed by
a linear array of transmitters the system of Q filters
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8
110.1k to 110.Qk remains identical for the N signals of
channels Vi(8) and can be multiplexed.

A variant of the invention is shown in FIG. 12, which
represents an array formed by a ring of transducers of
diameter D. Each transducer is both a transmitter and a
receiver. In the transmission function the transducers
simultaneously supply N coded transmissions. Recep-
tion channels are formed in a plane prependicular to the
plane of the antenna by means in accordance with the
first method described hereinbefore. In this plane the
directional pattern obtained by the reception channel .
has an angular width of approximately A,/D if A, is the
mean wavelength of the transmissions. Transmission
channels are then formed in the plane orthogonal to the
reception channel formation plane by one of the two
means referred to hereinbefore. In this plane the direc-
tional pattern obtained by the transmission channel also
has an angular width of approximately A,/D.

FIG. 13 shows an array formed on the one hand by a
ring of transducers 30 of diameter D and on the other by

‘a column of transducers 120 of height hj.

Column 13.1 is formed by omnidirectional transmit-
ters in angle direction @, said transmitters simulta-
neously supplying coded transmissions. Ring 120 1s
formed by receivers of height hj in such a way that the
directional pattern in accordance with angle ¢ has an
angle width of approximately A,/hj.

Reception channels in accordance with the angle 6
are formed over the complete horizon, i.e. 0° to 360" by
means corresponding to the first method described
hereinbefore. The directional pattern obtained by the
reception channel has an angular width of approxi-
mately A,/D. Transmission channels in accordance
with the angle ¢ are then formed by one of the two
means described hereinbefore, the directional pattern
obtained by the transmission channel has an angular
width of approximately A,/h; and its value is well

bEIOW hﬂ/hl .

To increase the transmitted power it is possible to
replace each transmitter such as 13.1 of the column by
a ring identical to that formed by the transducers in
such a way that a cylindrical array is obtained.

It is also possible to reverse the functions of the ring
and column, the ring then being formed by transmitters,
each supplying a different code and the column being
formed by receivers. In this case the reception channels
can be formed by a Fourier transform in the case of a
narrow band. In this way a panoramic imaging system 1s
obtained.

What is claimed 1s:

1. An imaging system comprising:

a transmiting array including plural omnidirectional
transducers each simultaneously transmitting re-
spective differently coded signals;

a receiving array including plural tranducers each
adapted to receive signals transmitted by said trans-
mitting array and reflected off a target, each said
receiving array tranducer producing a respective
output signal; and |

means for processing the output signals produced by
said receiving array tranducers, comprising,

means for forming P reception channels and generat-
ing respective reception signals V(0), V2(02), . . .
Vi(0r), . . . Vp(8p) corresponding respectively to
predetermined increments 61, 62, . . . Ok, . . . 6,
along a predetermined angular coordinate 8,

means for forming Q transmission channels along a
second angular coordinate ¢ and for generating
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respective signals S; x(d;, 0x) corresponding respec-
tively to predetermined increments g, ¢z, . . ., P;
... ¢galong a predetermined angular coordinate ¢
for each of said reception channels, wherein the

signals S; x(d;, 0%) are the sum in amplitude and

phase of the coded signals transmitted by said
transmitting array in the direction referenced by
angular coordinates ¢; and 0y, '
means for performing matched filtering of each of
said signals Vi(0r) with a respective set of said
signals S; x(d;, 0r) and for producing respectlve
output ‘signals, and
means for forming PXQ image pomts based on the
output signals produced by said matched filtering
performmg means. |
2. An imaging system according to claim 1, wherein
the matched filtering performing means comprises:
Q filters in parallel for each signal of channel V(0y).
3. An imaging system according to claim 1, wherein
the matched filtering performing means comprises:
means for performing the convolution of each signal
of channel Vi{(8r) with Q time reversed signals
Si,x(Pi, 0k).
4. An imaging system according to claim 3, wherein
the convolution performing means comprises:
an analog convolver using the propagation of elastic
waves in solids,
means for modulating the signals V(0x) and S; x(d;,
6), about a center frequency and in a band permit-
ting the use of such a convolver, and
means for sequentially convoluting channel V(0¢) Q
times with the Q time-reverse signal S; x(¢;, 0x) In a

time less than 1/B, B being the frequency band of

the signals received.

5. An imaging system according to claim 1, wherein

the receiving array comprises:

a linear array of N equidistant receivers wherein the
depth of the receiving array tranducers in the most
inclined direction is less than C/B, C being the
propagation velocity of the signals received and B
being the frequency band of the signals received.

6. An imaging system according to claim 5, compris-

ing:

a demodulation circuit, having applied thereto the
signals received by each of said receiving array
transducers, for supplying respective real and
imaginary components of the corresponding re-
ceiving array transducer signal, and

first and second multiplexers respectively having
applied thereto real and imaginary components
supplied by said demodulation circuit, the period
T g of the multiplexing operations being such that
NTHr<1/B.

7. An imaging system according to claim 6, compris-

ing:

a Fourier transform circuit having the two multi-
plexed signals applied thereto for supplying the
Fourier transform of these multiplexed signals.

8. An imaging system according to claim 7, compris-

ing:

analog means for performing the Fourier transform in
an analog manner, including,

a system of dispersive filters using the propagation of
the elastic waves in solids supplying N signals of
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channels V(0¢) sequentially in time for a duration 65

equal to NTx and which is well below 1/B.
9. An imaging system according to claim 8, compris-
ing:

ing:

10

means for demodulating the two multiplexed real and
imaginary components about a center frequency
and in a band permitting the use of said dlsperswe
filters. - -

10. An imaging system accordlng to clalm 8, comprls-

means - for demodulating, . the. 51gnals of channels
Vi(0r), and
- -means for converting the demodulated real and 1mag-
inary components obtained into digital form.
11. An imaging system according to claim 10, com-
prising:
a digital memory for storing the real and lmaglnary
components of the N channel signals.
12. An imaging system according to claim 6, compris-
ing:
means for sampling the signal from each receiver at
frequency 1/B such that N channel signals are
supplied in the time interval 1/B.
13. An imaging system according to claims 11 or 12,
comprising: -
means for writing data into the digital memory line
by line, each line storing N channel signals corre-
sponding to N directions 8; to 8y, wherein the
memory is filled at the end of time T and has BT
lines.
14. An imaging system according to claim 13, com-
prising:
means for reading the digital memory column by
column at speed 1/B and successively supplying
the signals of channels V(6x) for the duration T 1n
the form of two real and imaginary components
having BT samples, wherein the BT samples are
read at period Tg.
15. An imaging system according to claim 14, com-
prising:
means for converting the two components of each
signal of channel V(0r) into analog form, and
means for modulating the converted analog signals
about the center frequency and in the band of the
convolver.
16. An imaging system according to claim 15, com-
prising:
another digital memory for storing the NXQ comes
of the signals S; (s, %) of two real and imaginary
components, each signal having BT samples, in-
cluding, '
means for reading in each signal in the memory at
speed 1/B and the BT samples of each signal at T4,
means for converting the two components into ana-
log form, and
means for modulating the two components converted
into analog form about the center frequency and in
the band of the convolver.
17. An imaging system according to claim 16, com-
prising:
the elastic wave convolver having applied thereto in
synchronism the two modulated signals V(6¢) and
S: k(dbi, Ox), their duration being equal to BT Ty,
wherein QBTTH is chosen lower than 1/B.
18. An imaging system accordmg to claim 29,
wherein the transmitting array comprises:
a linear array of transmitters positioned orthogonally
to the receiving array.
19. An imaging system according to claims 2 or 14,
comprising:



4,456,982

11 12
means for transmitting each signal V(0x) to said set at least one of the transducers arrays arranged in
of Q filters matched to signals S;x(b;, 8r) whose ring-like manner.
pulse response has a duration T. 22. An imaging system according to claim 1, compris-
20. An imaging system according to claim 19, com- Ing: |
prising: 5 said transmitting array transducers arranged in linear
means for modulating each signal V(0x) about the manner, and
center frequency and in the band of the matched the receiving array transducers arranged in ring-like
filters, and manner.
said matched filters comprising analog filters based 23. An imaging system according to claim 1, compris-
on the propagation of elastic waves in solids. 10 Ing:
21. An imaging system according to claim 1, compris- said receiving array transducers arranged in ring-like
ing: manner, and
means for controlling said transducers to successively the transmitting array transducers arranged in linear
fuifil the functions of transmitters and receivers, manner.
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